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Introduction
The intensive use of nitrogen fertilizers in order to increase crop yield has a negative impact on various aspects of the environment: nitrate leaching from agricultural land into groundwater, nitrogen losses associated with soil erosion, gaseous nitrogen losses during denitrification and ammonium emission processes. In order to reduce the losses of nitrogen leaching from fertilizers, a variety of techniques that reduce the fertilizer solubility and increase the uptake by plants are being developed. For this purpose fertilizer granules are enriched with bioactive substances, nitrification inhibitors or other materials reducing the solubility of pellets in the soil; novel nanofertilizer technologies are being developed (Davidson, Gu, 2012; Liu, Lal, 2015) .
Slow/controlled release fertilizers and fertilizers with bioactive supplements are valuable alternatives to conventional fertilizers, since the nutrients are released slowly throughout the plant growing season, therefore, increasing the efficiency of nutritional elements consumption by plants and reducing the leaching losses (Motavalli et al., 2008; Prasad, 2009 ). The research of Neamţu et al. (2015) on slow/controlled release of the nutrients from fertilizers of novel forms revealed that the degree of nitrogen leaching depends on the solubility of controlled fertilizer, being 61.19% for the system with N-P-Ca nutrients, and 31.97% for the system with N-PMg nutrients. Nitrogen leaching may also be reduced by application of fertilizers formulated with nitrification inhibitors, which prolong the nitrogen action (Yu et al., 2007; Trenkel, 2010; Alonso-Ayuso et al., 2016) . But treatments including ammonium fertilizer formulated with nitrification inhibitors produced a greater degree of soil salinization due to the presence of ammonium from the fertilizer and accumulated ammonium from the nitrification inhibition (Diez et al., 2010) .
Previously, in order to reduce nitrogen leaching, nitrification inhibitors nitropirin, karbamol 3(5)-methylpyrazole (KMP), cyanoguanidine were used; these substances slow down nitrification of nitrogen fertilizers, thus substantially reducing nitrogen losses and increasing the fertilizer efficiency (Di, Cameron, 2002 (Linzmeier et al., 2001 ). According to Barth et al. (2008) , the efficiency of inhibitor DMPP is higher when it is added to fertilizers in the form of pellets in comparison with the liquid form. Besides, in light-textured soils DMPP more efficiently inhibits the nitrification processes than in heavier textured soils (Menéndez et al., 2012) . The aim of this study was to compare the effect of different complex fertilizers (nitrogenphosphate NP 33:3 and Eurofertil 35), complex fertilizer with nitrification inhibitor DMPP NovaTec classic and simple mineral fertilizers on barley and potato yield and quality, and nitrogen leaching in a sandy loam Luvisol. Plants. Barley grain and straw yield (by weighing, the yield was estimated 100% dry matter), potato tuber yield and its size fractions (by weighing), 1000 grain weight (by weighing) were assessed. The concentration of nitrogen (by Kieldal method) in barley grain as well as starch in potato tubers (by the method of specific weight), and nitrate concentrations (by colorimetric method) in potato tubers were estimated. Experimental data were processed using analysis of variance (ANOVA). Plant quality indicators and nitrogen leaching differences among the treatments of the experiment were assessed by the least significant difference limit (LSD 05 ). Standard error (SE) of nitrate concentration was calculated.
Material and methods
Meteorological conditions. During the years of the experiment (2012 March -2016 , the weather conditions were very diverse; substantial deviations from the standard climate norm (SCN) (Galvonaitė et al., 2007) were observed and it influenced the development of plants and processes of atmospheric precipitation infiltration. Almost through the whole experimental period the temperature exceeded the SCN (Fig. 1 ). Particularly warm weather was recorded in May and June of 2013; the average air temperature exceeded the SCN by 3.9-2.7°C; in February and April of 2014 the SCN was exceeded by 4.7-3.3°C; in January, February, March and December of 2015 -by 4.8-5.4°C. The largest positive temperature deviation was recorded in March of 2014 -the average monthly temperature was by 6.0°C higher than the SCN, while the largest negative temperature deviation (−3.9°C) -in March of 2013.
Deviations in precipitation amount from the SCN were not regular. Two longer rainy periods could be distinguished during the research period -from October of 2012 until February of 2013 and from October of 2013 until February of 2014 -when the rainfall exceeded the SCN by 9-26 mm. Longer dry period was recorded from June until October in 2015, when the rainfall was by 37-60 mm lower than the SCN.
Results and discussion
Plant yield and quality. During the two years (2012) (2013) ; tuber yield, potatoes + 1.9 t ha -1 ), reduce NO 3 -concentration in leafy vegetables, but has a negative effect on the crude protein concentration in winter wheat grain. The positive effect of inhibitor DMPP on crop yield was especially pronounced at sites with a high precipitation rate or intensive irrigation, and/or light sandy soil. During this experiment, in two years, higher barley grain yield was obtained in the soil fertilized with fertilizer Eurofetil 35, which contains bioactive substances. In this treatment larger grains were produced -1000 grain weight was by 6.0-8.3% higher (P < 0.05) as compared with the effect of other fertilizers. However, after application of Eurofertil 35 the concentration of nitrogen in grain was the lowest. Similar effect of the fertilizer was observed regarding the straw yield and nitrogen concentration in the straw -higher amount of straw formed under the impact of fertilizer Eurofertil 35, but nitrogen concentration in the straw was the lowest. Still, straw to grain ratio (1.34) shows that barley plants could more effectively utilise nitrogen of Eurofertil 35 than nitrogen of other fertilizers, because the grain weight unit corresponded to a lower straw yield amount.
Potatoes were the second plant selected for testing fertilizer efficiency. Potatoes are characterized by longer growing season than barley, so plants have more time for the absorption of nitrogen from fertilizers. The experiment showed that fertilization of potatoes with simple NPK fertilizers was less effective. In this treatment, compared to complex fertilizers, the tuber yield was by 5.4-7.8% lower (P < 0.05), fewer large tubers (more than 6 cm) were formed, potatoes contained less starchy and accumulated more nitrates (P < 0.05) ( Table 2) . Studies by Wadas and Dziugel (2013) on the effect of various complex and simple fertilizers on potato yield have also revealed that complex fertilizers, as compared with simple fertilizers, better enhance the development of the aboveground part and tubers, but of the tested complex fertilizers, only Nitrophoska Blue Special resulted in higher tuber yield, on average by 2.40 t ha -1 , compared with simple fertilizers.
Complex fertilizers nitrogenphosphate, Eurofertil 35 and NovaTec classic equally effectively increased the tuber yield, but produced different effect on their quality. In soil fertilized with NovaTec classic, which contains nitrification inhibitor, potato tubers were most starchy and accumulated the lowest amount of nitrates. Fertilizer Eurofertil 35 gave a similar increase in tuber yield as NovaTec classic, but to a lesser extent stimulated the accumulation of starch, while the accumulated amount of nitrates was higher. Wadas (2011) stated that changes of the potato tuber quality depend on the fertilizer composition. He asserts that application of multinutrient complex fertilizers representing the nitrophoska group, that is Nitrophoska Blue Special and Viking 13, increase in total nitrogen contents in tubers.
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In turn, an application of HydroComplex was associated with a total nitrogen content which was similar to simple fertilizers. The studies demonstrated that a significant increase in nitrate content in tubers followed an application of the multi-nutrient complex fertilizer HydroComplex which contains most of magnesium and sulphur of all within the nitrophoska group. Calculation of nitrogen uptake by plants demonstrated that barley plants accumulated 7.63-8.54 g m -2 N, while potatoes -9.75-10.61 g m -2 N. Differences of nitrogen accumulation in plant yield under identical conditions shows that barley and potatoes utilise more nitrogen from fertilizer NovaTec classic for nutrition. In the soil fertilized with simple NPK fertilizers and nitrogenphosphate, the accumulation of nitrogen in barley and potato yields did not significantly differ, while nitrogen of the fertilizer Eurofertil 35 was better utilised by potatoes than by barley. Summarizing the data of nitrogen accumulation by plant production, it could be stated that chemical composition of fertilizers Eurofertil 35 and NovaTec classic is more favourable for plant nutrition, regarding the increasing crop yield and, accordingly, the consumption of nitrogen from fertilizers. Similar data have been published by Liu et al. (2013) . According to their studies, inhibitors dicyandiamide (DCD) and DMPP added to urea increased the annual crop yield by 8.5-9.1% and 8.6-9.7%, respectively, compared with the urea treatment. The application of nitrification inhibitors also tended to increase the nitrogen contents in grain (P < 0.05). Due to the increases in crop yield and nitrogen content of grain, the nitrogen uptake of grain and aboveground plants was by 12.8-15.8% higher.
Nitrogen leaching. Changes of nitrate concentrations in lysimetric water after fertilization shows that the leaching intensity depends on hydrothermal conditions of the season and the form of applied nitrogen fertilizer.
Under climatic conditions of Lithuania the rainfall infiltration in spring is abundant. During the experimental years, in March and April rainfall infiltration was equally intense, reaching 43-47% (52.8-58.6 and 50.2-54.8 L m -2 ) of the average amount of spring infiltrate, and the infiltrate in May reached only 10-11% (10.4-11.0 L m -2 ). In spring, the nitrate concentrations in lysimetric waters ranged from 1.5 to 64.9 mg kg -1 NO 3 − , and the average of 2012-2016 was 25.3 mg kg -1 NO 3 − . Nitrate leaching depended not only on the hydrothermal conditions but also on the form of the applied fertilizer (Fig. 2) . Data of the average nitrate concentration during spring period show that in soil fertilized with NovaTec classic, containing a nitrification inhibitor, nitrate leaching was slower, compared with other tested fertilizers, because the concentration in lysimetric water was by 4.2-7.2 mg L -1 NO 3 − lower. This means that immediately after the fertilizer introduction (second to third ten-day of April) the inhibitor DMPP was already actively inhibiting nitrification processes in soil and consequently nitrate leaching from the soil arable horizon. According to Li No differences in nitrogen leaching among the treatments of various fertilizers' application were recorded during the summer period because summers were dry throughout the period of the experiment; the air temperature was higher than the SCN and precipitation was not adequate to saturate the soil with moisture; the surplus would not form, so there was no infiltration.
In autumn, after harvesting, the mineralization of plant residues begins, and the increasing precipitation and decreasing moisture evaporation result in infiltration renewal. All this leads to quicker leaching of mineral nitrogen into the subsoil layer. ). Application of different form of fertilizers was changing the dynamics of nitrogen leaching in soil (Table 3) . In spring, a month after fertilization, the nitrification inhibitor inhibited the formation of nitrates, therefore, during spring; nitrogen leaching losses in soil fertilized with NovaTec classic were by 1.58 kg ha -1 N lower, compared with ammonium nitrate and by 1.30-2.50 kg ha -1 lower, compared with nitrogenphosphate and Eurofertil 35. During autumn period, nitrogen leaching in the soil fertilized with NovaTec classic increased and exceeded the leaching from soil (P > 0.05) fertilized with ammonium nitrate (1.97 kg ha -1 N), nitrogenphosphate (0.7 kg ha -1 N) and Eurofertil 35 (0.12 kg ha -1 N). The obtained data show that, throughout the whole period of the experiment, the average nitrogen leaching losses amounted to 31.2-33.05 kg ha -1 N per year, when nitrogen fertilization rate of 120 kg ha -1 N had been used. Compared to simple fertilizers, a complex fertilizer with bioactive substances Eurofertil 35 and fertilizer with a nitrification inhibitor DMPP NovaTec classic did not significantly (P > 0.05) reduce the nitrogen leaching losses. Olfs et al. (2005) state that in order to reduce nitrogen leaching losses, it is necessary to control the nitrogen content in plants throughout the growing season and apply multiple fertilization with nitrogen fertilizers.
Conclusions
1. Barley and potatoes more effectively utilised nitrogen from fertilizers containing bioactive substances (Eurofertil 35) and nitrification inhibitor (NovaTec classic), as compared with simple NPK fertilizer, but it caused significant increase only in potato tuber yield (7.7%, P < 0 05).
2. Application of fertilizer with a nitrification inhibitor improved the quality of plant production: increased nitrogen concentration in barley grain and starch accumulation in potato tubers, as well as lowered the nitrate concentration.
3. The investigated simple and complex fertilizers (nitrogenphosphate, Eurofertil 35 and NovaTec classic) equally affected the nitrogen leaching losses over a year, but the leaching dynamics over separate seasons differed. Note. * -during the summers of 2012-2015 no rainfall infiltration was in process.
